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® Substituted -1,3-oxathlolanes with antiviral properties. 



® Disclosed are compounds of the formula 
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wherein Ri is hydrogen: 

R* is a punne or pyrimidine base or an analogue or aenvative thereof; 
2 is S. S»0 or SCb; and 

pharmaceutical^ acceptable derivatives thereof. * ftr 
Also descnbec are use of the compounds as antiviral agents, pharmaceutical formulations, and methods for 

preparation of the compounds. 
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SUBSTITUTED- 1.3-OXA7H1CLANES WITH ANTIVIRAL PROPERTIES 

T-e :resem invention rentes ;c novei 5ucs:;tutea * ,3-oxatniciare :yc:!C ccmccurcs -avirc :"amac:- 
C g, CZ \ activity. :o crccesses 'cr ana -ntermeciates zi -se m :r.eir crecarauon. ;o rrarmaceuticai ccmccsi- 
•ions containing tnem. ana :o ;ne use of tnese ccmoounas m :ne antivtrai treatment of mammais. 

Retroviral infections are a serious cause of cisease. most notaoiy. me accutrea immunoceficercy 
5 syncrome (AiOS*. The numan immunooericiency virus iHIV) nas ceen recognizee as me ettoicgic agent ct 
aiOS ana ccmoounas navmg an mmoitory effect agamst HIV mwtioucation nave oeen actively soucnt. 

Mitsuya et al.. "3 -Az'ao-3 -aeoxytnymictne (BW A509U): An antiviral agent mat mmbits me mfecsvity 
arc cytccainic effect of numan T-*ymonotrcoic virus rype iil/iymcnacenooatnyassociatec virus in vitro"*. 
Proc. Natl. Acad. So. U.S.A.. 82. oo. 7096-7.100 (1985), refers to a comoouna of formula (A) (3 -a^icc-2 3 • 
••o aI^x7inym^ir^~ommoniy referred to as A2T. This ccmccuna :s said to be useful *n providing some 
• protection for AIDS earners against me cytopatnogemc effect of immunodeficiency virus (HIV). 
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(A) 



jo Mitsuya et ah, "Inhibition of the m vitro infectivity ana cytooatnic effect of human T-iymonotroohic virus 
type ul/lymcnacenccatHy-asscciaiec virus iHTLV-!l!/tAV) by 2'3'-cid80xynuciscsiC8S w . ^££. ll2L Acad ' 
Sci. U.S.A.. 86. pp. 1911-15 (19861. have also referred to a group of 2 ;3 • dideoxynucieosiaes snown m 
formula (8) wmcn are saia to possess protective activity against HlV-induced cytopatnogeniaty. 
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(B) 



50 Baizarini et al.. "Potent and selective anti*HTLV*HI/lAV activity of 2 .3'-dideoxycytidinene, me 2 .3 - 
unsaturated denvative of 2 .3 -dideoxycytdine". Biocnem. Bioohys. Res. Comm. . 140. pp. 735-*2 (1986). 
refer to an unsaturated analogue of these nucteosioes-2 3 -diaeoxy-cytiaine, snown in formula <C)-as being 
charactenzed by anoretroviraJ activity. 
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(C) 



9aoa et al.. "Both 2 .3 -dideoxy thymidine and its 2 . 3 -unsaturated oenvanve (2 .3 -oiaeoxytnymidinenei 
are potentano selective mmbitors of numan immunoaefic.ency virus reolication .n vitro". Biocnem. Bioonvs. 
Res Comm.. U2. pp. 128-34 (1987). refer to trie 2 .3 -unsaturated analogue snown m fcrmuia i0) zt 1 .3 • 
alaSjJvmy^iome. Th.s analogue <s ouroorteo to oe a potent selective inhibitor of HIV reoi.cat.on. 
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(0) 




Analogues of AZT known as 3-aziCO-2 .3-Jideoxyur.dine sftown m formula (B. wnere V .« brom.ne or 
iooine. nave Been said to nave an .nmotory activity against Moloney murine leuxemia m T o. bn et ai.. 
"Svntnesis ano antiviral activity of various 3 -asdo. 3' ammo. 2 .3 -unsaturated ano 2 .3 • d.aeoxy analogues 
of pynmidine. oeoxynoonucieosides against retroviruses". J. Med. Chem.. 30. pp. 440-41 i\WT). 
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(E) 



-rauv *"e 2 -"<-cr: araicgues 2 3 -::recxvcv::Gire -rcwn n : crrr^;a = ' arc :* ^ j -:.:3C.*- 
:wn n rcrrr.uia iG) are -ererrec -n .-ercew t! n et ai.. "3 -3ucs:irj:ec 2 3 -cicecxvruciecsice 
analogues as cottwiai anti- hivchTLV-iu LAW agents' J. Mec C^en. , 30. so. : 273-73 M337V as -av.ng 
soteni antiretrcvirai activity. 
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The most potent antt-HiV comoounas tnus rar reooned are 2.3'-dideoxynucteosices. more oartcuiartv. 
2' 3'-dideoxy cytidine (CdCyd) and 3 -aiido-2 3-oioeoxythymidine (A^cdThd or AZT). These compounds 
are also active against otner kinds of retroviruses such as the Moloney munne leuKemia virus. Because of 
tne increasing incidence and the life-mreatening characteristics of AIDS, efforts are being expended to 
discover and develop new non-toxic and potent inhibitors of HIV and blockers of its mfectivity. It is therefore 
an ooiect of the present mvention to provide effective anti-HlV compounds of low toxicity and a synthesis of 
sucn new compounds that is readily feasible. 

A structurally distinct class of comoounds known as 2-substituted-5-suDstituted-i.3-oxathtoianes has 
now been discovered and found to have antiretroviral activity. In particular, these comoounds have been 
found to act as non-toxtc innibitcrs of the replication of HIV-1 in T-iympnocytes over prolonged periods of 
time. 

There is accordingly provided in a first aspect a compound of formula (I) 
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(I) 



wnerem Ri is hydrogen; 

R; is a punne or pynmidine base or an analogue or derivative thereof: 
43 ZisS. S«OorSO?;and 

pharmaceutical^ acceptable derivatives thereof. 

It will be appreciated by those skilled in tne art that the compounds of formula 0) contain at least two 

chirai centers (shown as • in formula (I)) and thus exist in the form of two pairs of optical .somers (i.e. 

enantiomers) and mixtures thereof including racemic mixtures. Thus the compounds of formula (I) may be 
50 either as isomers, as represented by formula (II), or trans isomers, as represented by formula (Ml), or 

mixtureTthereof. Each of the cis and trans isomers can exist as one of two enantiomers or as mixtures 

tnereof including racemic mixtures. Aillucn isomers and mixtures thereof including racemic m.xtures are 

included within the scope of the invention. 
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-he c-mcounas or rormuia m are orereraoiy m me form of tneir cis isomers. 

it wni atso ce accrecateo mat wnen 2 :s S -O tne comoounas exist -n two aoa.t.ona. .somenc forms as 
shown ,n formulas (Ma) and (lib) *n,ch differ ,n me configuration of me ox.oe oxygen atom re.at.ve to me 
2 S-sucstituems. The comoounas of me .nvent.on additionally emorace such .somers and m.xtures mereot. 
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The punne or pynm.d.ne base or analog or oer.vat.ve thereof flj be linked at tne 9- or i .position 

^"aTpu'rme or pyr.m.dine base or an analogue or denvative thereof is meant a purine or oynmidine base 
found m native nucieos.des or an analogue thereof wh,ch mim.es sucn bases in that the.r structures the 
k,nas of atoms and the.r arrangement) are s.milar to the native bases but may e.ther oossess add.tionai or 
lack cerwm of the functional propemes of the native bases. Such . analogues include tnose cenved by 
reoiacement of a CH, mo.ety by a mtrogen atom (for example. 5-azapynm.dines sucn as 5-«acytos.nei or 
v,ce verse (for examoie 7-deazaourinea. for example 7-deazadenos.ne or 7 ae«aguanos.ne) or ootn (e.g.. 
T -,.ia 8-azapunnes). By aenvatives of sucn oases or analogues are meant tnose comoounos *nere.n 
nng'suosatuenis are e.ther .ncorporateo. removed or modified by conventual subsutuems known ,n tne an 
e. g.. na.ogen. nyoroxy.. ammo. C, -* a.kyl. Such punne or pyridine Oases, analogues and denvatives wil 
ce well known to those skilled in me art. 

Conveniently the grouo Ri is selected from: 
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- t 2fC are rcecencentiy setectea :-e :rcuc :• ""'crtqer - -crtxv-ervi • 

«:"csmijtea :r unsucsntutea. saturated cr .jnsaturatea C aiKyi. rrcmme. cncnre. vucnr.e. :r cere 

a~~ s seiectec :r-n :ne grcuo cr .-v/crcgen. :yano. carccxy. etroxycarccnvi rarcamcvi. :r —ccarrarrcv 

X anc V are mceoenoentiy seiectea :rom :ne grcuc cr rv/crcgen. cremme. :r.:cnne. ^cr.r.e. zz-.re. irrxrz 
zr nycroxy grcuos. 
Prereraoiy 3 2 -s 

nhR 4 
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wherein Ri and R* are as defined heremaoove. 
Z is preferably -S-. 

8y "a onarmaceuticaity acceotaoie aenvative" means any pharmaceuticaily acceotaoie salt, aster, or 
salt of such ester, of a comoound of formula iO or any other comoound wmch. ucon administration to the 
recipient, is caoabie of providing (directly or indirectly) a compound of formula (I) or an antiviraiiy active 
metaooiite or resiaue tnereof. 

It will be aopreciated by these skilled m the art that the comoounas of formula (0 may be modified to 
proviae onarmaceuticaily acceptaoie aenvatives thereof, at functional groups »n ootn toe case moiety. Rj 
and at tne nydroxymetnyi group of the oxathioiane nng. Modification at alt sucn functional grouos >s 
included within the scope of the invention. However, of particular interest are pharmaceutical^ acceotaoie 
derivatives (e.g.. esters) obtained by modification of the 2-hyoroxymetnyi grouo of the oxathioiane ring. 
Preferred esters of the compounds of formula (I) include the comoouncs m wmcn R» »s reoiaceo oy a 

carooxyi function 
O 

R. C in which the non-carbonyl moiety R of the ester grouoing ts selected from hyorogen. straight or 
branched cnain aikyi (e.g.. methyl. *shyi. .vprepyl. :-butyl. n-outyl) t alkcxyaUcy! (e.g.. memoxymetnyi). araikyi 
(e.g.. benryi). aryioxyaikyl (e.g.. phenoxymethyt). aryl (e.g.. phenyl cooonaily substituted by nalogen. C. -* 
:S aikyl or Ci-* aikoxy): substituted dihydro pyridinyl (e.g., N-metnyidihyrdro pydinnyi); suipnonate esters 
such as alkyi-or araikyisuiononyl (e.g.. meihanesulohonyl); sulfate esters; ammo acua esters (e g.. L-vaiyt or 
L-tsoieucyi) and mono-, oi- or tn-pnosonate esters. 

Also included within the scooe of such esters are esters denveo from poiyfuncticnai aocs sucn as 
cardoxyiic acids containing more than one carboxyl group, for examole. oicarooxyiic acids HOaCiCHih 
„CO*H where n is an integer of i to 10 (for example, succinic acid) or pnospnonc acids. Methods for 
preoanng such esters are well known. See. for example. Hann et at. "Nucleotide Oimers as Anti Human 
immunodeficiency Virus Agents". Nucleotide Analogues , pp. 156-159 (1989) ana Susso et au "Nuaeotice 
Oimers Suppress HIV Expression in Vitro", AlOS Research and Human Retroviruses . *<6). pp. 449-455 
(1988). Where eaters are derived from such acids, eacn acidic group is preferaoiy estenfied by a compound 
of formula (I) or other nucleosides or analogues and denvatives thereof to provide esters of the formula (IV) 
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where w is HD-c-fCH^-C-O- and n is an integer of 1 to 10 

0 S 

.'5 (• '» 

or -o-P-o- or -o-P-o- , J is any nucleoside or 

1 < 
o- or 

nucieosioe analog or derivative thereof and 2 and R a> are as defined above. Among the preferred 
nucleosides and nucleoside analogues are 3 -aziao-2 3 -dtdeoxythymidine. 2 .3 -dideoxycytidine. 2.3- 
diceoxyaoenosme. 2.3 '-aioeoxy.nostne. 2 .3 ^ioeoxythymiaine. 2 .3 -oideoxy-2 .3 -didehydro-thym.oine. 
and 2 .3 -dioeoxy2'.3 -oidehydrocytidine and ribavirin and those nucleosides whose bases are oeoicted cn 
pages 7-8 of this specification. We most orefer a homodimer consisting of two nucleosides of formula <l). 

With regard to the aoove described esters, unless otherwise specified, any alkyi moiety present 
advantageously contains i to 16 caroon atoms, preferaoty i to 4 Qarbon atoms and could contain one or 
more double bonds. Any aryi moiety present m sucn esters advantageously comonses a phenyl group. 

in particular me esters may be a C.-.« alkyi ester, an unsubstituted benzoyl ester or a benzoyl ester 
substituted by at least one halogen (bromine, chlorine, fluorine or iodine), saturated or unsaturated Ct 
alkyi, saturated or unsaturated Ci -« alkoxy, mtro or tnftuoromethyl grouos. 

Pharmaceuticaily acceotaoie salts of the compounds of formula (I) include those derived from phar- 
maceutical acceotabie inorganic and organic acids and bases. Sxamotes of suitable aoos induce 
nydrocnionc. hydrobromic. sulfuric, nitric, percnlonc, fumaric. maieie. phosononc. glycollic. lactic, salicylic, 
succinic, toiuene-o-suifomc. tananc. acetic, citnc. methanesuifomc. formic, oenzoic. maionic. naontnaiene-2- 
sulfonic and benzenesuitomc acds. Other aads such as oxalic, whiie not m themselves pharmaceuticaily 
acceotaoie. may be useful in the preparation of salts useful as intermediates m obtaining the compounos or 
the invention ano their onarmaceuticaJly acceptable acid addition salts. 

Saits derived from appropriate bases include alkali metal (e.g.. sodium), alkaline earth metal (e.g..* 
magnesium), ammonium and Nfl* * (wnere fl is Ct-4 alkyi) salts. 

References hereinafter to a compound according to the invention includes both compounds of formula 
(l) and their pnarmaceutically acceotaoie oenvatives. 

Soecific compounds of formula 0) include: 
Cis-2-hydroxymethy f-Wcytosin- 1 ' -yi)- 1 .3-oxatnioiane, trans-2-hydroxy methy i-5-<cytosin- 1 -yih i .3-ox- 

atmotane. and mixtures thereof: 

Cis-2-benzoyioxymetnyi.5-<cytosin.l f -yl>-l ,3-oxatHtoiane. ?rans-2-benzoyioxymethyl-5-<cytosin-l -yiH .3-ox- 

amioiane. and mixtures thereof: . 
^•2.hydroxymemy»-5HN*'.acetyl-cytosin.r-yiVi ,3-oxathioiane. t^-2-hyoroxymethyi-5-<N* -acetyl- 

cytosm*i -ylH .3-oxatniolane. and mixtures thereof; 

Cis*2-benzoyioxymemyi-5HN4'-ace^l<ytosir>r-yi)-i ,3-oxathiolane. trans-2-benzoyloxymethyi-5HN* -acetyl- 
cytosin*! -yi)*i.3"Oxatnioiane. and mixtures thereof: and 
Cis-2-hydroxymethy i-5Hcytosin- 1 * -yi)-3-oxo* 1 ,3-oxatniolane; 
Cls-2-hydroxymethyi-5^N-dimethyiamtnohmetnyiene cytosiivi -yi)-l.3-oxathioiane: 
Bts*Cis-2-succinyioxymetfiyi-5-<cytosin-i -yi)-l ,3-oxathiolane: 

Cls-2-benzoyioxymethyl-5*<6'<hloroounn-N-9'-yl>-l .3-oxathiolane: trans-2-benzoyloxymethyl-5-<6 - 

53 cnioropunn-N-9 -yiH 3*oxathioiane, and mixtures thereof: 

Cis-2-hydroxymethyl-5H6 -hydroxypunn-N-9 -yl)»l ,3-oxathiolane: 

Cis-2-benzoyioxymethyi-5-{uracil-N*i '.yiy-i ,3-oxathiolane. tranv2-benzoytoxymetnyt-5-<uradl-N*i -y»H .3-ox« 
atntoiane. and mixtures thereof: 
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- s .2.nvcrexvmeinvt-S-.urac:i-N-i -yi>-'-3-oxatP.ioiane: 

.*^ 2 .cenzoy.cxymetnv..5-,mym.n-N -yn-i .3-oxatn.ciane. :rany2-oen23v,cxyffetry^tnym.n.N. ; ••,■>- : 

;xatniciar.e. arc mixtures tr.erecf: 
C.s-2'nycroxynetnyi-5-unymin-N-i ••/'.-' .2-:xatr.icane: 
- "rTre f orm ot a racemic mixture or a singie enanticmer 

' The ccmcouncs of tne .nvention e.tner r.emse.ves cossess annvirai activity ana/or are metaoomaoi. ;o . 
sucn comoouncs. in particular tnese csmccuncs are etftcave m .minting tne reci.catton cf retrcv.ruses. 
^cua.ng numan retroviruses sucn as r.uman .mmur.ocefioency viruses iHIVs). :ne causative agents :t 
AIDS. 

■o There <s thus orov.cea as a farmer asoect ot tne .nvemion a ccmoouno 'ormuia n> or a cnarmacsuti- 
caily acceotacie cenvative thereof for use as an active tneraoeut.c agent ,n oarticuiar as an anuvrai agent, 
for example m the treatment ot retroviral infections. 

in a further- or alternative asoect mere >s provided a method for the treatment of a viral .nfacaon. .n 
oarticuiaf an infection caused by a retrovirus sucn as miv. in a mammal, including man. csmonsmg 

,5 administration of an effective amount ot an antiviral comoound of formula (I) or a pnarmaceut.ca.ly 

acceptable derivative thereof. . 

There -s also provided in a further or alternative asoect of this invention, use of a ccmoouna of fcrmuia 
(l) or a pnarmaceuticaily acceptable aenvauve thereof lor tne manufacture of a medicament for tne 
treatment of a viral infection. 
jo The compounds of the invention are also useful .n tne treatment ot AlOS related conoitions sucn as 
AlOS-reiated comotex (ARC), persistent generalized lymohadenopathy (POL). AlOS-reiated neurological 
conditions (sucn as dementia). ann-Hiv antibody positive and hiv- positive conditions. Kaposi's sarcoma, 
mrombocytcpenia purpurea and opportunistic infections. 

The comoounds of the invention are also useful m the prevention -or progression to c:m.cai illness of 
js individuals wno are anti-HlV antibody or HlV-ancgen positive and m propny.axis following exposure to HIV. 

The comoounds of formula (I) or the pnarmaceuticaily acceptaole denvaoves thereof, may also be used 
for the prevention of viral contamination of biological fluifls sucn as blood or semen ,n vjtro. 

Certain of the comoounds of formula (I) are also useful as intermediates m the preparation of otner 
compounds of the invention. 
30 It will be appreciated by those stalled in the art that references here -n to treatment extends to 
prophylaxis as well as tne treatment of established infections or symptoms. 

it will be further appreciated that the amount of a comoound of the .nvention repaired for use .n 
treatment will varv not only with the oarocuiar comoound selected but also with the route of administration, 
the nature of the condition oemg treated and me age and condition of the oauent and will be ultimately at 
<s the discretion of the attendant physician or vetennanan. in general however a su.taoi. aose w.ll be .n tne 
range from aoout i to aoout 750 mg/kg of booywe-ght per day. such as 3 to about 120 mg per kilogram 
body weigm of the reco-ent per day. preferaoiy .n tne range ot S to 90 mg.-kg.-oay. most preterao.y m the 

ranoe of 1 5 to 60 makgday. _ _ 

The oesired dose may conveniently be oresemed in a s.ngle dose or as divided ioses admimstered at 
40 appropnate intervals, for example as two. three, four or more sub-doses per day. 

The compound is conveniently administered in un.t dosage form: for example containing 10 to i SOD 
mg. convemently 20 to tOOO mg. most conveniently 50 to 700 mg of acnve ingredient per un.t dosage torm. 

ideally the active ingredient should be admimstered to achieve peak plasm, concentration, of m .active 
compTnS of from about 1 to 75 uM. preferaoiy aoout 2 to 50 uM. most preferaoiy ; idoutj to ««MuJ 
<S This may c. achieved, for example, by the intravenous imection of a 0.1 » 9% « M of me active 
ingredient optionally in saline, or admm.stered as a bd.ua containing aoou, 0.1 1» ^ "V^JT" 
active .ngredient. OesiraDle blood level, may be maintained by a continuous infusion to « rov.de aoou. 0£i 
to about 5.0 mg/kgyhour or by intermittent infusions containing about 0.4 to aoout IS mg/kg of me active 

so in9r ^l.\ is possible that for us. in therapy, a compound of me invention may be administered as th- 
rew chem.cal .t is preferable to present me active ingredient as a pharmaceutical 'o'™ 1 ™"; 

The invention thus further provides a pharmaceunca. formulation compnsing a compound of formu la I) 
or a pnarmaceuticaily acceptable aenvative thereof together w,tn one or more 

earner, therefor and. optionally, other m.rapeu«.c and/or prophylactic jngredients .The ems) must be 
s, -acceptable' in me sense of being compatible with m. other mgredient. of the formulation and not 
aeietenous to the recioient therefor. , . Kl ,„.| 9nrt 

Pharmaceutic*, formulation, indud. mos. su.tabi. for oral. ncM nasal, topical 
subungual), vaginal or parenteral (including intramuscular, sub-cutaneous and intravenous) adnvmstration or 
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- e "---ventemv cesentec n ::sc:ete ccsage -r.its ana may ce srecarec cy any :r re 
<r 0 wn -n -ne art of :rarmacy. Ail metnccs =nc:uce tre steo of cringing into association T.e active ccrr.ccur.c 
.v,tr ;c-<c earners or 'mety civ.cec sc»a earners :r cctn ana tren. .f necessary, snacmg :ne srecue: n:c 
— e *e e irea Jcrmuiaucn. 

* *" =h" arm aceuticai fcrmuiations su.tacie 'or :rai administration may conveniently ce cresentea as cisc:e:e 
■r.its sucn as cacsuies. cacrets or .aoiets eacn containing a predetermined amount or tre active .ngreciem: 
>s a oowaer or granules: as a solution: as a susoension; or as an emuision. The active ingredient may aiso 
ce oresented as a bpius. eiectuary cr caste. Taoiets and caosuies for oral administration may contain 

: 0 conventional exacients sucn as omemg agents, tillers, iuoncants. dismtegrants. or wetting agents. The 
taoiets may oe coated according to metnoos wed known m me art. Oral liquid preoarations may ce m ;ne 
form cf. 'or exarnoie, acueous or oily suscensions. solutions, emutsions. syruos or eiixirs. or may oe 
presented as a dry product for constitution witn water or otner suitaoie vemcie before use. Sucn fiauid 
creoarations may contain conventional additives sucn as suspending agents, emulsifying agents, non- 

*5* aoueous venicies (whicn may include edible oils* or oreservatives. 

The comoounds according to tne invention may also oe formulated for parenteral administration (e.g.. 
by injection, for exarnoie boius miection or continuous infusion) and may be presented in unit aose form m 
amoouies. ore-filled syringes, small volume infusion or in multi-dose containers with an added preservative. 
The compositions may take sucn forms as suspensions, solutions, or emulsions in oily or acueous venicies. 

20 and may contain fcrmuiator/ agents sucn as suspending, stabilizing and/or disoersing agents. Alternatively, 
tne active ingredient may be m powder form, obtained by aseptic isolation of stenie solid or by 
lyoch.lization from solution, for constitution witn a suitable venicie. e.g.. stenie. pyrogen-free water, before 
use. 

For topical administration to the epidermis, the compounds according to the invention may be 
25 formulated as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may. for 
example, be formulated with an aqueous or oily base witn the addition of suitable thickening and/or gelling 
agents. Lotions may be formulated with an aqueous or oily base and will in general also cbntain one or 
more emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening agents, or 
coloring agents. 

jo Formulations suitable for tooical administration in the mouth include lozenges compnsmg active 
ingredient in a flavored based, usually sucrose and acacia or tragacantn; pastilles comprising the active 
ingredient m an inert base such as geiatin and glycenn or sucrose and acaca: and mouthwasnes 
compnsmg the active ingredient in a suitable liouid earner. 

Pharmaceutical^ formulations suitable for rectal administration wherein the earner is a solid, are most 

js preferably represented as unit dose suppositories. Suitaoie carriers induce cocoa cutter and otner materials 
commonly used in the an. and the suppositones may be conveniently formed by admixture of the active 
comoound w.th the softened or melted camer(s) followed by chilling and shaomg in molds. 

Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, 
pastes, foams or sprays containing m addition to the active ingredient, such earners as are known .n tne art 

jo to be aopropnate. 

For intra-nasal administration the compounds of the invention may be used as a liquid spray or 
disoersibie powder or in me form of drops, 

Oroos may be formulated with an aqueous or non-aoueous base also compnsmg one or more 
disoersing agents, soiuditizing agents or suspending agents. Uquid sprays are conveniently delivered from 
45 pressurized packs. 

For administration by inhalation, the comoounds according to the invention are conveniently delivered 
from an insufflator, neoulizer or a pressunzed pack or other convenient means of deiivenng an aerosol 
spray. Pressurized packs may compnse a suitable propeilant such as dichiorodifluoromethane, men- 
ioroftuoromethane. dichlorotetrafluoroethane. caroon dioxide or other suitable gas. in the case of a pressur- 
jo .zed aerosol, the dosage unit may be determined by providing a valve to deliver a metered amount 

Alternatively, for administration by inhalation or insufflation, the compounds according to the invention 
may take me form of a dry powder composition, for exarnoie a powder mix of me compound and a suitable 
powder base such as lactose or starch. The powder composition may be presented in unit dosage form .n. 
for example, capsules or cartndget or e.g.. geiatin or blister packs from whicn the powder may be 
55 administered with me aid of an mnaiator or insufflator. 

When desired, me aoove desenbed formulations adapted to give sustained release of me active 

ingredient may be employed. . mmm * iM9 - 

The pharmaceutical compositions according to the invention may also contain other active ingredients 



10 



sue" as antimic.-coiai agents. :r creservanves. 

"re :cmocuncs zi :ne .nventicn ^ay atso ze jsea n csmsmation *.tn ctner :reraceu:;c acer:s. *r- 
examoe. :tner antimfective agents, in cancutar :re ccmcouncs of trie invention .-nay ce errcicvec tcgetrer 
,vttn <rcwn antiviral agents. 

; The invention tnus arovices. :n a rur:rer ascec:. a :rrr.cinaticn ccmcrismg a ccrrcounc 'crrnua o 

a onysioiogtcaily acceotaoie cenvative tnereof :cgetner mm another tneraoeuticany active agent, n. 

particular, an antiviral agent. 

The comoinations referred :o aoove may conveniently ce aresentea for use m tre 'crm :f a 

snarmaceuticai formulation ana thus pnarmaceuticai formulations comprising a comomation as cerirec 
•o aoove rcgetner with a pnarmaceuticaily acceotaoie earner merercr ccmonse a furtner ascect zt r.e 

invention. 

Suitaote tneraceutic agents for use ;n sucn comoinations mciuce acyciic nucieosiaes sucn as aociovir 
ganciclovir, interferons sucn as aiona-. beta-ana gamma-interferon: gtucuronation mmbitors sucn as oro- 
Denicid: nucleoside transport inhibitors such as oioynaamole: nucleoside analogues sucn as 3 •a2icc-2 .3 * 
rs dideoxytnym.dine. 2 .3 -dioeoxycytiame. 2 .3 -didecxyaaenosme. 2 .3 -dioeoxyinosine. 2 .3 -cideox- 
ytnymidine. 2 .3 -dideoxy-2 .3 -didehydrothymtdine. and 2 .3 *dideoxy2 .3 -didehydrocytiaine ana ncavirm: 
immunomoduiators such as mterteukin II (IL2) and granulocyte macroonage colony stimulating factor iGM- 
CSF). erythropoietin, ampiigen. thymomodulin. thymooentin. foscarnet. glycosyiation inhibitors sucn as 2- 
deoxy-O-giucose. castanospermine. 1-deoxynofinmycin: and inhibitors ot HIV binding to CO* receotors sucn 
20 as soluble- C04. CD* fragments and CD*-hyond molecules. 

The individual components ot such comoinations may be administered either seduentiaiiy or simulta- 
neously m seoarate or comomed pharmaceutical formulations. 

When tne compound of formula M> or a pharmaceutical^ acceotafiie denvative thereof is used in 
combination with a second therapeutic agent active against me same virus, the aose of eacn ccmoound 
23 may be either me same or aiffer from tnat wnen the compound is used aione. Appropriate doses *til be 
readily aooreciated Dy those skilled tn the art. 

The compounds of formula 0) and their pharmaceuticatly acceotaoie derivatives may be preoared Dy 
any method known m the art for tne preparation ot comoounds ot analogous structure. 

Rt and Rj as used hereunder have the same meaning as defined aoove unless otherwise stated. 
jo m one such process (A) a i .3-oxathioiane of formula (VIII) 



JS 




(VIII) 



*0 



SO 



53 



wnerein Ri is hydrogen or hydroxy! protecting grouo as defined herein and the anomenc grcuo L is a 
aispiaceaote atom or grouo and is reacted with an aoproonate base. Suitadie grouos L mciuoe aikoxy 
caroonyl grouos such as etnoxy cardonyl or halogens, for example, iodine, bromine or chlorine or -OR 
wnere R is a substituted or unsubstituted. saturated or unsaturated alkyi group, e.g.. a C-* aikyi grouo 
such as methyl, or R is a suostituted or unsubstituted aiipnatic or aromatic acyl group, e.g.. aCs aiipnatic 
acyl grouo such as acetyl and an aromatic acyl group sucn as benzoyl. 

The compound of formula (VHI) is conveniently reacted with the aopropnate purine or pynmidine base 
Ri-H (previously silylated with a silyating agent such as hexametnyidisiiazane) in a compatible solvent sucn 
as methylene chloride using a Lewis acid (such as titanium tetrachionde or stannic cnionoe) or trimetnyt- 
silytnflate. 

The 1,3-oxathioianes of formula (VIII) may be preoared. for example, by reaction ot an aidenyde of 
formula (VII) with a mercaptoacetal of formula (VI) in a compatible organic solvent, such as toluene, m the 
presence of an acid catalyst sucn as a para-toluene sulfonic acid or a Lewis acid. e.g.. one cnionoe. 
(VI) HSCH,CH(OC 3 H,) a 
C«H,COOCHiCHO (VII) 

The mercaotoacetais of formula (VI) may be prepared by methods known in the art. for sample. Q- 
Hesse and I. Jorder, "Mercaptoacetaldehyde and dioxyi, 4*jimiane\ Chem. Ser . 85. pp. 924-932 < 1952 >- 

The aldehydes of formula (VII) may be prepared by methods known m the art. for example, E G. 
Hailoouist and H. Hibbert. "Studies on reactions relating to caroohydrates and poiysacchandes. Part XLIV: 
Synthesis of isomeric btcyciic acetal etners". Can. J. Research . 8. pp. 129-136 (1933). 
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n a seccrc rrccsss - i zr.e ccrrcounc of 'cmma < n s cc^verec 
cy case mtercsnversion. Sucr. •nterccnversion rnay oe erfec:ea eaner 



e ■: 



: arctrer cc— cci-r, 
y simcie cnemicai 

re conversion ci jracn case ;o cytosmei or cy an enzymatic ccnversicn -jsir.g. 



--a 

rar.s:cr-f.a::c.-. 
■e art 



ceoxyncosv -ransrerase. 3ucn metnccs ana conations *cr case mterccnversicns are *en <rcwn 
of nuceosice crsemistry. 

:n a third crocess iC) the ccmoouncs of formula (\) may ce oreoarea cy ;ne ceac::on of a ccrnccunc cr 
'crmuia 



HO 



HZ 



(IX) 



25 



with a compound of formula (X) 



PC 



(X) 



CHO 



20 



where P is a protecting group, followed by removal of the protecting grouo. 

The compounds of formula (IX) may be prepared for reaction by a suitable epoxide (XI) 



40 




(XI) 



with an appropriate sulphur-containing compound, e.g.. sodium thioacetate. Compounds of formula (XI) are 
either known in the art or may be ootained by analogous processes, 
in a fourth process (0) a compound of formula (XII) 



50 




(XII) 



may be convened to a compound of formula (I) by conversion of the anomeric NHj group to the required 
base by methods well known in the art of nucleoside chemistry. 
53 Many of the reactions descnbad hereinabove have been extensively reported in the context of purine 
nucleoside synthesis, for example, in "Nucleoside Analogues * Chemistry. Biology and Medical Applica- 
tions', R.T. Walker et ai.. Eds. Plenum Press. New York (1979) at pages 193-223. the text of which ts 
incorporated by reference herein. 
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It „,„ =• accrecateo tnat :ne accve reactions .„av -ecu-re tre ,se :t. sr -=r.ven,en ti y ~av ------ 

- artmc catena., nav.ng =rctec:ec functional grcucs. anc ceorctecfon m.gnt tus =e -ecu.rec as an 
; te ^c ate or fina, steo :c ye-o tne ces.rec :=r.==,na. "otecscn arc ceorotec.cn of 'ur.«cr» 5. ; c-.=, 
T av 4 ertecteo us.rg convenocna. -ears. Thus. <cr ,xamce. ammo grcucs may =e orctectec =v a 

- c e !ectea from ara,k y . ,e.g.. cenzyn. acy. or ary. ,e.;.. 2.^.n„rccreny.»: suoseouent r,mova. :r :re 
^eci-ng grouo ce,ng Peered -en :es,rea 3 y nyorcys.s cr .ycrogeno.ys.s as aoorcor.ate using 
rano*d ccncmons. Hydroxy, grcuos may oe orctecec us.ng any conventional hydroxy, orctecnrg =rc,c. 
or -'amoie. as cescnded ,n "Protective Grouos .n Organ.c Chem.stry". Ss. J.F.W. McOm.e .Plenum Press 
,973 oT -?rctec«ve Grouos. .n Crgan.c Syntnes*' by Theoaora W. Greene (Jonn Wiley anc Son,. .Mil. 

• 0 =*amo.es of su.taoie nycroxv. srotecnng grouos .neiuot groucs se.ectea from a.kyi (e. g.. mttnyi. t-cuty. or 
me t noxymetnyO. ara.kyl ,e. g.. oenzvi. conenyimetnyi or tncneny.metnyO. heterocyc.c grouos sucn as 
tetranycrooyranyi. acy.. (e.g.. acetyl cr ?tn»y» ano s.iy. grouos sucn as tn«.ky.s.iy' teg. -,ou«yio.me.n y , 
s!m) The "ycroxy. protectmg grouos may Oe removed Oy conventual ;ecnn.aues. Thus. for examoie. 
all s.lyi acy. and heterocyclic grouos may oe removed by sblvo.ys.s. e.g.. Oy n y oro.ys.s uncer aoo.c or 

„ 0-as.c conditions. Araiky. grouos such as tnoneny.metny. may s.m.lar.y oe removed Oy so.vo.ys.s. e.g.. oy 
n^ro,y,.s under aooic conditions. Araiky. grouos such as benayi. may oe cleaved, for examo^ =y 
treatment with SFvetherate and acetic annyande followed Oy removal of acetate groucs so formed at an 
aoJmpnate stage * the syrnnes*. Si.y. grouos may also conven,.n,.y be removed us.ng a source o» 
HuoriM ions such as tetra-n-outyiammomum ftuonde. 

20 ,n"ne iove processes «n. compounds of formula (I) are general cotaned as a m,xture of the as and 

— TneseTsomers may 0. seoarateo. for examp.e^y_ace«y.aticn. e.g.. w,th acet,c annydnde fo..owed Oy 
seoraoTTby "physical meansVe.g.. cnromatograony on silica gel and deacetv.at.on. e.g.. «.tn metnanouc 
ammonia or by fractional crystallization. ,„ 

„ Pharmaceutical* acceotao.e salts of the compounds of the invennon may be preoared as descr.bed .n 
united States Patent No. 4.383.1 u. the disclosure of wn.ch is .ncorpcratec by reference here.n. Thus, for 
«r P .e Ten .Us desired to prepare an ac,d addition salt of a compound of formu.. OMhe product to any 
of the above procedures may be converted into a salt by treatment of the resulting free base w,tn a suitable 
ac « ^ u" g convention* methods. Pharmac.ut.ca.iy acceptaoie acid addition salts may be precarrf by 

3 o "acting *• free base w,m an aooropnate acid optionally in the presence of a MM so.vnt such as an 
es«? (Jg ^ny. acetate) or an alcohol (e.g.. methane, ethano. or .sooropanol). inorganic das.c :** ^may be 
pmJ by reactmg the free base w,m a sum base sucn as an mot (e.g.. sodium metncx*e> 
VOL*, n me presence of a solvent sucn as an alconoi (e.g.. methanol). Pharmaceuucaiiy acceo aoie 
slits" may also be preoared from other salts, including other pharmaceuucaiiy accaotaote sans. J r.e 

■>s comoounds of formula (I) using conventional methods. 

A compound of formula (!) may be converted into a pharmaceutical^ «ceotab.e^ ^ohmer other 
ester by reaction «m a pnosohory.ating agent sucn as POO,, cr a su-tao.e estenfymg agent sucn « , an 
aad nal.de or anhydnd.. as aoproonate. An ester or salt of a compound of formula (I) may be convened .o 
the parent compound, for examofc. &Y hydrolysis. 

^ Where the compound of formula 0) it desired as a s,ngle .somer U may be obtained 

of the fin* product or by stereospeofic syntnes.s from .somencaily pure stamng matenai or any conven.ent 

"Teuton of tt. M product, or an .ntermediate or staring *Z 
suitable method known in the art see for example. Stereocnem.stry of Carbon Compounds, by E.L .:.ei 
^5 (McGraw Hill, 1962) and Tables of ftesoMng Agents, by S.M. WHen. tQ n mt r hQ 

The invention will be^uTwercMEn^oT^foUcwmg examples wh,ch are not .mended to limit <he 

invention in any way. Ail temperatures are m degrees ceisius. 
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EXAMPLES 
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Examoie 1 



2-thiobenzoyi acetaidenyde diethyiacetal 
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73 a sciuticn or cctassium t-outox.ce in 5 g. O.n moi) =n OMF m GO *as accec nccer— c 1: c 
. / 3 ;1 „ a) ana :re sctution camaiiy evaccratea m vacuo, cenzene accea :n two consecutive ccr::.-s 
2 /Vmn ana evaooratea n vacuo eacn time. To tne resicuai OMF solution was accec src.^cacsis!- 
-enyce cietnyiacetai (20.3 5. 0.: moi) ana :ne mixture stirrea at 1 20 * ; cr 15 n. After cocunq. .t *as course 
"nto water (500 mi). :ne oroauct extracts *itn etner (3 x 200 mi>. ;ne extract wasnec «.tn acuecus 
NaHCOi fonowea by water. tnen anea ana :ne solvent removea m vacuo. The rescue was cistmeo m vacuo 
r 0 give 17 2 g. of Dure (V). 0.0. 131-133' 0.07 mm. it was characterized cy H NMR sipcm m C3C:;j. 
7 97 (a. 2H: aromatic) 
7 47 (m. 3H: aromatic) 
4.59 (t. 1H: .CH(OC 2 H,) 2 )) 
3.66 (m. ah; 2 x OCH:CHi) 
3.30 (d. 2H: SCHf) ~ 
1.23 (t. 6H; 2 x OCH1CH1) 



Examote 2 



Mercaotoacetaioenvoe gietnviacetal 



HSCH 2 CH(OC:H«)2 (VI) 

25 The preceding thiobenzoyl derivative (V) (17.2 g) was dissolved in 100 ml THF followed by the addition 
of 6 g NaOH in 20 ml H 2 0. The mixture was refluxed under N, for 15 h. then cooled and diluted w.tn water 
(200 ml) and the product extracted with etner (3 x 200 ml)'. The extract was oned. the solvent removed in 
vacuo and the residue distilled m vacuo to yield 7.1 g of pure (VI). b.p. 60-62 .18 mm. it was cnaractenzed 

;o by H NMR 5<ppm in COCI3): 
4.51 <t. 1H; CH<OC a H*) a ) 
3.51 (m. 4H: fx OCHiCHi) 
2.65 (dd. 2H: hS-ChT) 
1.54 <t. 1H: HS-) " 

25 1.23 (t. 6H; 2 x OCHjCHi) 



Examote 3 



40 

Benzoyioxyacetatdehyde 



C*H,COOCH:CHO (VII) 

This known intermediate was prepared by a previously unreported method from the known 1 -benzoyl 
glycerol. Thus, 50 g of the latter in a mixture of 500 m. of CH,Ci 3 and 25 mi of H,0 was treated pomonwtse 
with 80 g of Nal04 under vigorous stimng at room temperature. After addition, stimng was continued tor 2 h 
after which time 100 g of MgSO* was added and stimng continued for 30 mm. The mixture^ «"™«"> m9 

so filtrate evaporated in vacuo and the residue distilled in vacuo to yield 26 g of pure (Vll) b.p. 92-94 
mm. 'H NMR (200 MH*; TMS as internal reference) 
{(ppm in COCts.): 
9.71 (s. 1H: -CHO) 
8.11 (d. 2H; aromatic) 

53 7.60 (m. 1H; aromatic) 
7.48 (m, 2H: aromatic) 
4.88 (S. 2H; -CH,CHO) 
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<arrc:e - 1 




OCaHg 

(XIII) 



»s The oreceding mercaotoacetaldehyde acetai (VI) (7 g) was mixed m 100 ml of toluene w.tn 7 g of :ne 
aoove benzoyioxyacetatdenyae (Vli>. a few crystals of para-toluene sulfonic acid aoaed and the mixture 
ptaceo in an oii-oatn at 120* unoer N r The formed ethanol was allowed to distill over, tne mixture *eot at 
120* for an additional 30 minutes, men cooled and wasned with aqueous NaHCOi. aned and evaoorated m 
vacuo. The residue was distilled m vacuo to yield 9.3 g of pure (Xlll) as a mixture of as- ano trans-.somers. 

w b.o. 140-143* 0.1 mm: fl f 0.51 (hexane-c:OAc); 
H NMR Kppm m COCb): 
8.05 (m. 2H: aromatic) 
7.57 ,'m. :M: aromanc) 
7 43 (m. 2H: aromanc) 

« 5.55 <m. 2H: Cj-k Cj-H) 

4.55 <m, 2H; Ca*5«H»C&2CH 2 ) 

3.80 (a, 1H; Cj-C^HjCOjCH,) 
jo H . ' 

3.76 (a, 1H; Cj-OCfiCH,) 

» 



25 3.17 (m. 2H: C**Hz) 

1.21 (t. 3H: CvOSHjCH,) 



Examole 5 



Cis- and trans-2-benzovloxvmetnyl"5-(cvtosin-i -ylH .3-oxathiolanes 



so 




(XIV) 
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A mixture of 2.7 g of cytosuw. 30 ml of hexamethyidisilazane (HMOS) and " ""^J* 
cnior.de (TMSCI) was heated under reflux under dry N, until a dew solution resulted (3 hours and tne 
excess reagents evaoorated in vacuo. The remammg volatile* were removed under h, ^ t ^ m JJ™.^ 
tne solid res.due taken up .n 250 ml of i. 2-dicnioroetnane and 5 g of tne above key -ntermediate (Xlll) .n 
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zr — . - r z'ze\rare accec -rcec -rv argc- 'Ciicwec cy ^ 7 ... - « - - 

«vs -f'-eaimV-ncer -eriux uncer argcn. t .vas ccciea anc ccurec cnto 2C0 t.i :r saturatec acuec-s 
Nart<*~- The crgan.c :aver was collected. :ne aaueous erase extracted «ntn CH 2 C: S -2 X :C0 .-in arc :re 
-~~- t rec ^tracts *asnea *.tn *ater cnec arc evaoorateo -n vacuo. Tne -esicue *as cunr.ee :y 
--nmaicgraony cn smca gei us.ng CHjGa CH.OH 9:i as the eiuant :o give 2.5 g of a cure n.xture cr z^- 
Inc :rans-(XlV) .n a i:i ratio as ascertained cy *h NMR. These were secaratea as ;ne N-acetyi cenvatives 
as cescrTcec m the following examoie. 



-0 S.ramcie 5 



Cs- ana trans-somers of 2-denzovioxvmetny^5wN4 -acetY«-cytosm-i - ytH 3-oxathioiane 



'5 



20 



35 



*0 



45 
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C^HsCOOCHa 




(XV) 



The preceding mixture (XIV) (2.5 g) in 100 ml of dry pyridine contain.ng 0.1 g of 4- 
dimethyiammooyridine (DMAP) was treated with acetic anhydride (7 ml) at room temoerature and after IS 
hours the mixture was poured onto cold water followed by extraction with CHjCh (3 X 150 mi). The extract 
was wasned with water, dried, and evaporated m vacuo. Toluene was added to the residue, men evaoorated 
J0 in vacuo and the residua* oil purified by chromatography on silica gel using EtOAc:CH,OH 99:1 as the 
eiuant to yield 1.35 g of pure wriUXV) as the fast moving product and 1.20 g of pure os-<XV) as the stow 
moving component. These were cnaractenzed by 'H NMR spectroscopy. 
trans«<XW m.o. i58-i60' . R<: 0.48 EtOAcCHiOH 95:5 
U.V.: (CHiOH) Lambda max: 297 nm 
'H NMR 6(ppm in COCbj: 
9.00 (b. 1H: C* -NH-Ao 
8.06 (m. 2H: aromatic) 
7.74 (d. 1H; CV-H) 
7.56 (m. IK; aromatic) 
7 56 (m. 1H: aromatic) 
7 47 (d. 1H; C«'-H) 
7 45 (m. 2H: aromatic) 
6.53 (dd, 1H; C*-H) 
5.89 (dd. 1 H: C a -H) 
4 46 (dd, 2H: C 2 -?HtOCOC«Hi) 
3.66 (dd. 1M; C*-H~ 
3.32 (dd, 1H: C*-H) 
2.25 (s. 3M; NH-COCH,) 

CisHXV) : m.p. 150-152* : Ri: 0.4O EtOAcMeOH 95:5) 
U.V.; (CH 3 OH) Lambda max: 297 nm 
'H NMR «(pom in COCIi): 
9.03 (b. 1H: NH-Ac) 
8.21 (d, 1H: Cf-H) 
8.05 (m. 2H: aromatic) 
7 60 (m. 1 H: aromatic) 
7 50 (m. 2H: aromatic) 
7.29 (d. 1H:C*'-H> 
6.34 (dd, 1M; C*-"h) 
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:52iCC. 

J. 30 ice. 2H: Cr'-j OCCC; ri« ) 
2.55 iCZ. ■ H: C*-'^" 

; 2.23 (S. 3H: NH-CwCH^ 



E.ramcie 7 



:;5- arc :rars-2-*vcr=xymetnvi-5-(cvt3Sirvi -yiM ,3-oxatniotanes 



'5 



HOCH, 




(XVI) 
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30 



a) T rans-<XViy 375 mg of tne preceding trans-(XV) was dissolved «n '00 mi of metnanouc ammonia 
at 24* anTltter ssrnng for 16 nours. tne solvent was removed in vacuo arc tne residue crystallized witn 
etner. it was recrystallized from etnano.-etner to yield 174 mg of pure product, m.p. >220 (cec>. it was 
cnaracterued by 'H and ,3 C NMR. 
'H NMR $<ppm in OMSO-d«): 
7.57 (d. 1M: C*'-H) 
7.18 (d. 2H: C4'-NHj) 
6.30 (dd. 1M; CvHT 
5.68 <d. 1H; C«.'-H) 
5.48 U. 1M: Cj-hT 

3.45 (m. 3H: CrCH : OM ♦ C*H> 
3.06 (dd. 1H; C4-H) ~ 
U.V.: (CHiOH) lamoda max: 270 nm 



•2C NMR (OMSO-d«. Vanan XL-300V. i m pom: 


Ca' 


C. 


C« 


C« 


C* 


C* 


Ca 


C HjOM 


154.71 


16S.70 


93*7 


1*0.93 


87.77 


36. i * 


86.80 


64.71 
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b) Cis-ocvn 



K treating 375 mg of c.sHXV) by the same preceding procedure led to 16S mg of pure 
?sta«tzation from etnanS^iner. m.p. 171-173* . It was cnaracwued by ! H and C nmr. 



product after recrystaittzation 
H NMR: i(pom in 0MSO-d«): 
7.80 (d. 1H: C«'-H, 
7.20 <d. 2H: C4 -NH j ) 
6.1 8 <t, 1H:CvH>~ 

5.70 (d. 1H: C«~H) 
5.14 (t 1H: Ca-CHtOH) 

3.71 (m. 2H: C 2 -CH a OH) 
3.40 <dd, 1 H: C4-H) 
2.99 (dd. 1H: C*-H). 

U.V.: (CHjOH) Lamoda max: 270 nm 
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gxamcie_ 3 

Cs-2- n vcrcxyme!nvi-?-'Cytosiri- j -yiW3-oxo-i ,3'Oxatrnotane 



20 




(XVII) 



The preceding ciswXVI) (100 mg) in 30 ml of ice-cold methanol was treated with 93* mg of meta- 

chiorooeroenxoic aaa ana after stirnng for 1 5 mm a white solid seoarated which was collected and washed 

with 10 ml of methanol to give 45 mg of pure sulfoxide isomer a The methanol filtrates were evaoorated in 

vacuo and the solid residue washed with 1 5 ml of ethanoletner (T:1) and then with 30 mi of ether to give 50 

mg of pure sulfoxide isomer b. The isomers were characterized by : H NMR. 

isomer (XVll)a : m.p.>270' (dec): Ri:0.30 (CHiCtj-MeOH 3:1) 

U.V.; (CH 3 OM) lambda max: 270 nm 

'H NMR h (ppm m 0MSO-a«): 
55 7.68 (0. im; Ci'-rt) 

7.36 (s. 2H: C*'-NH 2 ) 

6.69 fdd. 1H: C$-H) 

5" 1H: Cs -M) 

5.47 (t. 1H; Cj-CH*0H) 
^ 4.63 (dd IM; C 2 -H) 

3.88 (a, 1H; C^CH-OH) 

H 

.5 3.72 (a, 1H; c^-ca-OH) 

H 



3.36 (dd. 1M: Ca-H) 
so 3.05 (dd. 1H: C4-H) 

isomer (XVmb : m"p>220 # (dec); RrO.32 CHjOa:MeOH 3:1 
H NMR 6 (ppm in OMSO-di): 

7.76 (d. 1H: Ct'-H) 
7.28 (d. 2H: C* -NHj) 

55 6.66 (dd. 1H: C*-H~ 

5.77 (d. 1H: C*'-M) 
5.45 (t, 1H: Ca-CHjOH) 
4.64 (t. 1H: Ci-H) 
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Examcie 9 

C t s*2- h ycroxvrretnyi*5^N*<3imetnviamtno metnyene cvtcsmo ■ytwi 3*oxathtoiane 




300 mg of c:s-2-hydroxymethyl-5-<cytosin-r-yl) 1.3-oxatnioiane was susoenoeo m i0 ml of N-dimetnyi- 
formamice aimeinyi acetal (DMF-dimetnyt- acetal). The mixture was stirred at room temperature overrent 
(18 hours). Volatile materia* was removed by evaooranon under reduced pressure. The residue was 
crystallized m ethanoi-ether. It yielded 345 mg (93%) of pure product, m.p. 162-164* C; R.: 0.56 m 
CH 5 Cia:MeOH 4:1 
U.V.: Lamoaa max: 325 nm 
H NMR 5(ppm in DMSO-d«): 
8.64 (s. 1H, N«CH-N) 
3.04 (d. 1H. C«'-H. J = 7.2 Hz) 
6.22 (t. 1M. CvH. J * 4.9 MZ) 
5.97 (d. 1H. C*'-H. J * 7.2 Hz) 
5.37 (t. 1H. -OH. J * 5.8 Hz, 0*0 exchange) 
5.22 (t. 1H. Ci-H. J * 4.4 Hz) 
3.7T (t. 2H. Cj-CH 2 0H, J « 4.9 Hz) 
3.50 (dd. 1H. C4-H. j * 4.9 and 9.9 Hz) 
3.17 (s. 3H. -CH 3 ) 

3.12 (dd, 1H. C4-M. J « 4.2 and 11.9 Hz) 
3.04 (s. 3H. -CH,) 



Examole 10 



Bis*Cis*2*succinyioxymethyl-5*<cytosin«l -ylH ,3«oxatnioiane 
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CH- 



HC 



! 

c 



-H 3 



'T j) 



it 

— c-o 




284 mg of cts-2-hyaroxymethyi-5-<N, N-dimetnytammo methylene cytosin-1 -yiM.3-oxatnioiane *as 
dissolved m 10 mTof ary pyridine and cooied at 0' C in an ice-oatn. 60 ul of succmyi chloride *as added 
via a syringe. The mixture was stirred ovemignt {18 hours) and ooured into 50 mi of saturated aaueous 
NaHCO? solution. The mixture was extracted with methylene cnionde (3 x 50 ml). The comomed CHjCIj 

^ solution was wasned w.th water (2 x 50 mi) and dned over MgSCV After filtration, solvent was removed by 
evaporation under reduced oressure. The foam residue was dissolved m 10 mi of CHiO* containing 5 mi of 
metnanoi. 2 mi of 80% aaueous acetic add was added and the mixture was stirred at room temperature 
overnight. The mixture was evaoorated to dryness. The solid residue was purified on smca gei using 
CH 2 Ci 2 : MeOH 4;1 as eiuant. It yielded 145 mg (54%) of pure product. 

« m.p. Dec >230* C; R # : 0.23 (in CH t Ci 2 ;MeOH 4:1) 
U.V.: (MeOH) Lamdda max: 271 nm 
'H-NMR 5<ppm in OMSO-d«) 

7.69 (d. 2H. 2 x C«'-H. J » 7.6 Hz) - 

7 28 (d. 4H. 2 x NHj, J * 24.9 Hz. 0*0 exchange) 
30 6.24 a 2H. 2 x CvH. J * 5.6 Hz) 

5.76 (d. 2H. 2 x C»'-H: J » 7.4 Hz) 

5.35 (t. 2H. 2 x Ca-H. J » 4.5 Hz) 

4.37 (d. 4H, 2 x C 2 -CH 2 0-) 

3.42 (dd. 2H, 2 x C4-H. J » 5.5 and 10.9 Hz) 
35 3.10 (dd. 2H. 2 x C*-H, J 3 5.6 and 1 1.7 Hz) 

2.60 (s. 4H, 2 x -CHa-C-O) 



Examole 1 1 



Cis- and tran3»2'benzoyioxvmethy*'5*l6'-cnioroourin*N*9 *yl)"i .3'Oxathioianes 



ci 



so 



55 
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■ - - - 5-r:crccur:re *as neatea at .-er!ux n 50 ~i cf "MCS ■ nexarretrvicsiiazarei 
- NH.^O^arrmon.um suifatei until :ne solution cecare ::ear n -cud Excess -MCS .as • 
; rcer ,ecuc9C pressure. The ouy res.cue -as cnec uncer -.. 5 n vacuum -cr 1 rcur anc ren -ssc.vec ^ 

•rQ t.i cf zr/ i .2*cicnorcetnane. 
« 2 7 g or 2-oenzoyioxymetny.-5-etnoxy-i.3-oxatnio<ane iXim *as area :n a 500 mi rour.c ccrtcm -asx =■/ 

-vacorauon tw-ce *itn 50 mi of Senzene ana c:sscivea .n 200 mi of cry 1.2-cicmoroetnane. 

-he solution of snyiateo 6-cnioroounne -as :nen transferred :nto tne i .3-oxatn.oiane solution ;nrcucn a 

-anuia uncer argon atmcsonere. n ml cf iM TMS-tr.fiate (trimetny-snvi :nriucrcmetnane su.fcnate) -as 

acced to tne reaction flasx. The mixture -as neateo at reflux for 5 hours, tnen ccoieo to room cemcerature. 
- ->e m.xture -as oourea .nto 200 mi of saturated scoum otcarconate solution iNaHCO, solution* *nne 

cnrnng The organic layer was co.tecteo ana tne aaueous cnase -as extracted -un CH : C; 2 i2 x :00 m:>. 

; he c-mo.ned crgan.c cnase -as -asnea witn water, cnea over MgSO*. niterea ana evacoratea uncer 

reduced pressure The residue was ounfieo and seoarated on silica gel using Hexane-etnyt acetate 7 3 as 

e.uant it yielded t 05 g (28%) of me less ooiar oroduct. -n.cn was identified as aiona- or trans, corner as a 
>s foam, and 710 mg of tower oroduct as oeta- or as-somer. Total yittd 48.1%: cwtrans ratio u.4 

transformer <a->somer): R»: 0.43 m Hexane:£tOAc 1:1 

U77"(MeOH) Lamoaa max: 264.7 nm 
H-NMR 5(ppm m CDCh): 

3.75 (s. IM. Ci'*H) 
:o 3.48(s, 1H. Ci'-M> 

3.06 (m. 2M. aromatic! 

7.53 (m. 1H. aromauc) 

7 45 (m. 2H. aromatic) 

5.90 (dd. ih. C*-H. J » 5.0 Hz) 
25 5.78 (dd. 1H. Ca-H. J * 6.0 Hz) 

4 56 <m. 2H. CrCHaOCOCsH?) 

3.74 <m. 2M. C* >H~ 

cis-tsomer (beta-«somer): R.: 0:35 in Hexanr.EtOAc: 1:1 
UV.: (MeOH) lamfida max 264.7 nm 
jo ' H-NMR 5(ppm in COCh): 
3.72 (5. 1H, Ci'-H) 

3.51 (s. IH. Ca'-H) 
8.00 <m. 2H. aromatic) 
7.56 (m. 1H. aromatic) 

3 5 7.44 (m. 2H, aromatic) 

6.61 (t, IM. CvH. J » 4.7 Hz) 

5.52 (t. 1 M. Cj-H. J a 4.9 Hz) 
4.69 (m. 2H. C a -CHaOCOC«HO 
3.66 (m. 2H. C4-H) 

40 
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45 Cis-2-hydroxyme»yl-5^6'^ydroxvour.n-N-9'-yiVi .3-oxatntotane (inosine derivative) 




— trarci 5 ; = rTccium -wcrcxice iNaGm anc 3 mi ;r water were accec r:c re sciuticn -e -<:.:e -as 
-eaiec at reflux f cr 5 r.ours ana ccoiea :o 'ccm 'emcerature. "he solution was ren cnutec win 'CO :: 
.vaier -.eutranzed w.tn syncnium resin anc fiiterec. The resin resicoe was wasneo w.tn iCO mi :r -err arc 
-he :cmcmea nitrate was evacoratec uncer reaucec pressure. >e -esicue was cunrtec cn smca ;ei -s;.-g 
0^:0:7 MeOH *:i as emant. it yieicea i S3 mg i5i"<n cr cure crccuc:. wmcn was .centinec as ~cs;re 
rerwatwe. m.a.: 208-210* C. R,. 0.27 m StOAcMeOH 4:1 
U.V . (MeOH> lamoaa max: 246 nm 
H-NMfl: Sfcom m OMSO-ao 
12.42 <s. ih. -NH. 0;O excnange) 
a.36 (s. 1H. Ci -H) 
3.07 (s. i h. Cz 

6.37 (t. 1H. C*-H. J = 5.1 Hz) 

5.29 (t. 1M. -OH, J = 6.0 Hz. OjO excnange) 

5.24 (t. 1H. Ca-H. J 3 4.9 Hz) 

3.63 (m. 4M. 2H from C*-M ana 2H from CH?-OH) 



Examcle 13 



Cis- ana trans-2-=2enzoytoxymethyi-5-'uracit-N-i -yt)-i 3-oxathioianes 




0 

* 8i0yOj + W 

(XX2I) C 



760 mg of uracil was heated at reflux in 30 ml of HMOS in the presence of 50 mg (NH*) 2 S04 until tne 
solution became ctear. The mixture was evaporated uncer reduced pressure. The residue was dned under 
nign vacuum for i hour and dissolved in 100 ml of dry i ,2-dichioroethane. 

1.5 g of 2-benzoyloxymemyl-5-emoxy*i.3-oxatniolane was dned by evaooration twice with 50 ml of 
benzene in a 500 ml round bottom flask and dissolved in 150 ml of dry 1 2-dichioroetnane. 

The silyated uracil solution was transferred into the oxathioiane solution through a canuia under argon 
atmosonere and 1.5 ml of TMS-Triftate in 20 ml of 1 .2-dichioroethane was added. The reaction mixture was 
heated at reflux under argon atmosohere for 48 hours, cooled to room temoerature and poured into 300 mi 
of saturated aqueous NaHCOi solution. The organic layer was collected. The aaueous phase was extracted 
tw.ce with CH*CI| (2 x 100 mi). The comoined organic layer was wasned with water (2 x 200 mi), once w.th 
NaCl solution (1 X 150 ml) and dried over MgSO*. After filtration, solvent was removed by evaooration >n 
vacuum and the residue was punfied on silica gel using Hexane:£tOAc 1:1 as eluant it yielded 594 mg 
(32%) of pure product ^ . 

The product was shown as only one spot in the TLC. However the 'H-NMR spectrum indicated the 
presence of two isomers cis: trans m a ratio of 1:1.2 and whicn were not separated at this stage. 
Ri: 0.35 in Hexane:EtoAc 3:7 
U.V.: (MeOH) Lambda max: 261 nm 
"H-NMR 3{ppm in COCIi) 
3.88 (broad s. 1H, rV-H) 
3.05 (m. 2H. aromatic) 
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• h. arcrrat:c; 



- ^5 ,rr. 2^ ircrnatic arc Ni *»\ 

5 55 ice. "M. C-.-n. :rars. J = 2.- ana 5 

5.25 tea. iM. Ci-H c:s. J = -i i ana 5.5 nz) 

5. "3 c. 1H. Cj-h trans . J = 5.4 nz» 

5.73 id. tM. Ci'-H trans . J = 3.2 Hzi 

5.57 (C. iH. C< -H ::s. J = 3.2 HZ) 

5.46 a. IH. C 2 -H cs. J s 3.9 H2» 

^.73 (G. 2H. •CHtO-COCiH.) 

4 45 it. 2H. -CHrQCCCiH?) 

3.57 «m, i n. Ci-n) 

3.17 (m. IH. C4»H> 



Example 14 

Cis-2-nvdroxymethyt-5-<uracil-N-i -viH .3-oxathioiane 



300 Tig of a mixture c»s- and trans-2-denzoytoxymethyl- 5-furac:l-N-i •yiVi.3-oxathioianes was dis- 
solved m 75 mi of methanoiic ammonta. The mixture was stirred at room temperature overnight. The 
solution was evaoorated Dy aryness. The residue was ounfied and the two isomers were separated on siiica 
•get using EtOAcMeOH 98:2 as eiuant. 

The top product was isolated as a soiid product and was identified as cjs-isomer. 
Cis-isomer: m.p. 162-164' C; R»: 0.57 in EtoAcMeOH 95.5 
U.V.: (MeCH) Lambda max: 261.4 nm 
'H-NMR Kppm in 0MSO-d«): 
11.36 (S.1H. Ni'-H) 
7.88 (d, 1H, C«'-H. J ■ 8.1 Mz) 
6.18 (t. 1H. C*-H. J » 4.8 Hz) 
5.62 (d. 1H. C*'-H. J » 8.1 Hz) 
5.33 (t. 1H. Ca-H. J * 5.7 Hz) 
5.17 (t. ih. -OH, 0*0 excnange) 
3.72 (t, 2K Ca-CH,OH, J * 4.6 Hz) 
3.41 (dd. IK C*-H. J » 5.7 and 12 Hz) 
3.20 (dd. 1H. C4-H, j * 4.6 and 9.9 Hz) 
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Cis* and trans-2«tienzoyioxymethyi-5Wthymin-N«i «yiH .3-oxatniotanes 



o 





(XXIII) 
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1.7 g of thymine was heated at reflux in 50 ml of HMOS containing 50 mg of (NH t ) 2 SO* until the 
solution oecame clear. The mixture was evaocrated under reauced pressure. The residue was dried uncer 
htgn vacuum for 1 hour and dissolved m 150 ml of i.2-dicnioroetnane. 

3 g of 2-benzoyloxymethyi*5-etnoxy-i.3-oxathiolane was dried by evaporation twice with 75 mi of 
benzene and dissolved in 1 50 ml of dry 1 .2-dicntorcetnane. 

The silylated thymine solution was transferred into the oxathioiane through a canuia under argon 
atmosonere. 3.3 ml of TMS-Triflate (tnmethyisilyitnflate) m 30 mi of dry i .2-oicnloroetnane was mtroauced 
into the reaction mixture tnrougn a canuia under argon atmosohere. The solution was heated at reflux uncer 
argon atmosphere for 36 hours, cooled to room temperature ana poured :nto 300 ml of saturated aqueous 
NaHCOi solution. The organic layer was collected and the aaueous pnase was extracted twice with 
methylene chloride (2 X 100 ml). The comomed organic phase was washed twice with water (2 X 200 ml), 
once with NaCI solution <i X 150 mi) and dried over MgSO*. The soiuuon was filtered. The filtrate was 
evaocrated in vacuum. The residue was punfied on silica gel using Hexane:£tOAc i:i as efuant. It yielded 
1 .3 g (35%) of pure product. 

The product was shown as only one soot on TIC but the 'H-NMR spectrum indicated the presence of 
the two isomers as and trans in a ratio of i : t 2. 
R f : 0.30 in Hexane:£tOAc 2:3 
U.V.: (MeOH) Lamooa max: 266 nm 

H-NMR ifppm in COCi): 
8.60 (broad singiett. Ni'-H) 

3.06 (m. 2H. aromauc) 

7 59 (m. 1K aromatic) 

7.49 (m. 2H. aromatic) 

7.38 (d. 1H. Ce'-H-cis. J * 1.3 Hz) 

7.28 (d. IK C«'-H*trans. J ■ 1.3 Hz) 

6.55 (dd. 1H. CyH» trans isomer. J * 3.1 and 5.6 Hz) 

8.38 (t. 1K Cs-H-cts isomer. J » 5.5 Hz) 

5.78 (dd. IK Ci-H« trans. J » 4.4 and 6.4 Hz) 

5.46 (t. 1K Ca-H -osisomer. J • 4.3 Hz) 

4.69 (d. 2K Ca-CH?5COC«H* f J « 4.2 Hz) 

4.45 (m, 2H, Ca-CHa OCOC« Hi ) 

3.58 (m. IK C4-H) 

3.13 (m. 1H. C4-H) 

1.93 (d. 1K C*'-CHvtrans isomer. J * 1.2 Hz) 
1.78 (d. 1K C«'*CHa-as isomers, J » 1.2 Hz) 



Example 16 

Cis-2*hydroxymethyi-5-(thymin»N«i -ylH .3-oxatniotanes 
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(XXV) 



is 



20 



25 



500 Tig cf a mixture as- ana rrans-2*benzoytoxymetriyi*5-ithynriin-N-i -yiH.j-oxamiotanes iXXIV) *as 
assoived m 100 ml of saturated metnanonc ammonia. The mixture was stirred at room temcerature 
cvernignt (18 hours). The mixture was then evaoorated to dryness under reduced pressure. The -esicue 
was seoarated on silica gel using 6tOAc:MeOH 98:2 as eiuant. 

The less ooiar product was identified as cis-fsomer mp: 167-163* C. R»: 0.66 in EtOAcMeOH 95:5 
U.V.: (MeOH) Lamooa max: 266 nm 
H-NMR ofpom in 0MSO-d<) 
11 38 {S. 1H. Ni'-H) 
7.73 (d. 1H. Ci'-H. J = 1.1 Hz) 
6.16 (t. 1H. C*-H. J = 5.5 Hz) 
5 31 (t. 1M. C a -H. J * 5.9 Hz) 
5.14 ft, ih. OH. OiO excnange) 
3.70 (t. 2H. Cj-CH;OH. J * 5.1 Hz) 
3.36 fdd. 1H. Cc-H. J a 5.7 and 1.7 Hz) 
3.16 (dd. im. C4-H. J » 5.5 and n,7 Hz) 
1 75 (d. 3H. Ci'-CHj. J = 1.7 Hz) 
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35 Tablet Formulations 

A. The following formulation is prepared ay wet granulation of the ingredients with a solution cf 
povidone in water, drying and screening, followed oy addition of magnesium stearate and comoression. 





mg/taoiet 


(a) Active ingredient 


250 


(b) Lactose 8. P. 


210 


(c) Povidone B.P. 


15 


(d) Sodium Starch Glycollate 


20 


(e) Magnesium Stearate 


5 




500 



B. The following formulation is prepared by direct compression: the lactose s of the direct 
compression type. 



55 



25 



Active ir.grecient 
Lactose 

AviCSi 

Magnesium Sisarate 



250 
'CO 
500 



C 'Controlled Release Formulation) The formulation >s oreoarea by wet granulation of trie mgreoierts 
, :9!0W1 '^n a solution of oov.aone .n water, crying ana screen.ng fatlowea ov tre acation of magnesium 
stearate ana comoression. 



'5 



(a) Active mgreaient 

(b) Hydroxyprooyiemethytceiiuicse (Methacel K4M Premium) 
(o Lactose B.P. 

;a) Poviaone 8. P. 

(9i Magnesium Stearate 



mg/taotet 



500 
112 
53 
29 

7 

TOO 
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Capsule Formulatiqn 

A capsule formulation .s prepared by admixing me ingredients oeiow and filling into a two-part hard 
gelatin capsule. 



:5 



1 mq/caosuie 


Active mgreoient 


125 


Lactose 


T2.S 


Avicel 


50 


Magnesium Stearate 


2.5 




250 



Example 19 



so 



S3 



injectable Formulation 

Active ingredient 0.200 g 

Sodium hydroxide solution. 0.1 M q.s. to a pH of about 11. 
Stenie water q.s. to 10 ml. 

The active ingredient is suspended in some of the water <which may be warmed) and the pH adiusted 
to aoout 1 1 with a solution of sodium hydroxide. The batch >s then made uo to volume and filtered through 
a sterilizing grade membrane filter into a stenie 10 ml glass vial and sealed with stenie closures and 
overseas. 
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Exarrce 



50 



!tC7 



i .^g-succository 


Active ingreaient 


250 


Hard Fat. B.P 


1770 




2020 







25 



One-fifth of tne nard fat is melted m a staam-jacxeted pan at 45* C maximum. The active mgrecient is 
sifted thrcugn a 200 um sieve ana aaaea ro me moiten case with mixing, using a hign snear stirrer gntit a 
smooth aisoersion is achieved. Maintaining me mixture at 45* C. the remaining hard fat % aoced to tne 
susoension and stirred to ensure a homogenous mix. The entire susoension is oassed tnrougn a 250 urn 
stainless steel screen and. witn continuous stirring, is allowed to cool to 40* C. At a temcerature or 38' C to 
' C. 2.02 g of the mixture is filled into suitaoie. 2 mi piastic mcios. The suppositories are allowed to ccot 
ro room temperature. 
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Antiviral Activity 



20 



25 



in vitro testing was ' conducted on several of the comoounds of this invention to determine their 
innibitorylT' , ooerties. The results are snown m Tables 1 and 2. The concentrations reoorted are ug.mi m tne 
incubation media whicn affect the susceptibility of a continuous tine of T-ceiis oeveiooeo at the Laoy Oavis 
institute for Meoicai Researcn (Montreal) by Or. Mark A. Wainperg toward infection oy mivo foiiowmg a 
orotocoi similar to that of H. Mitsuya and S. 3rocer. "Inhibition of the in vitro mfectivity and cytcoatmc effect 
of human T-*ymonotrooic virus type iil/iymonacenooatny-assoaateo virus iHTLV-ill/LAV) by I 3 -oioeoxy 
nucleosides". Proc. Natl. Acad. Sci. USA, 33. pp. 191V15 (1986). Protection of the ceil line from .mection 
was monitored oy staining witn monoclonal antibodies against virai proteins in the stanaara manner (Taoie 

1 ) . in all experiments, comparison* were maoe witn tne crug AZT as me control, in oraer :o confirm tne 
results, me arug effects were monitored by measuring reverse transcriptase (AT) activity :n me U-937 j ine 
of human monocytic ceils as assayed m the usual manner with trmated thymidine tnonosonate (TTP) (Tabie 

2) . Finally, the drug effects on cell viability as measured oy the weil-know cytolytic effects of HlV-1 on me 
MT-4 ceil line was evaluated in the accepted manner (Table 1 ). 



-»s 



Toxicity 



No toxic effects were observed in me aoove tests. 



55 
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inmoticn cr -tiv-i :rccuc: 3y ccmccuncs •: 



a> Viacie ceil scums .5 cays ;n c.;:ure» -sing 2 
j.g.mi of ccmccuna 



25 



v*omoouflO 


Till 

Loll 








Viaoiiity °'« 






| no arug 


5.47 


i 
i 




; AZT 


38.6 






J CS-XVI 


37.4 






trans-XVI 


24 






cTxviub) 


14 






c:s-XXV 


1 1 






as- XXI 


18 






cis-XXHI 


14 






&) P-24 immunofluorescence 


Time in Culture 


% immunofluorescent 






Cells 


(Oays) 


No Orug 


2ug/rm AZT 


2ug/mi 






cis-XVI 


3 


5.9 


1.0 


* 1.0 


6 


99 


1.0 


7.6 


o Reverse transcnotase assay 


Time m Cuiture 


RT Activity (CPM X 






1 0OOVml 


(Days) 


No Orug 


2ug/ml AZT 


2ug/mi 








Cis-XVI 


3 


36.43 


1.564 


2.381 


6 


339.0 


1.748 


2.301 



40 



45 



50 
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ir.mcition or MIV-l ;rccuct:cn 
rmccuncs cf 'crmuia (H m h-9 



neverse transcnotase assay 



Time in Culture 



RT Activity 
1000V 



(C?M X 
ml 



tuaysi j 


inq uiuy i 

I 


2ixQ/ml | 
A2T 


2ng. mi | 
::s-xvi j 


e I 


9.1 1 7 


3.346 


3.077 


\ 


438.5 


3.414 


5.353 


n 


2550 


2.918 


3.560 


14 


2002 


9.320 


2.872 


17 


584.5 


2.997 


2.399 


21 


365.2 


3.1 11 


2.907 


25 


436.4 


15.38 


4 020 


29 


92.38 


32.08 


3.756 


33 


111.1 


512.2 


3.303 


37 


32.28 


378.2 


4.193 


41 


384.4 


994.0 


4.515 


45 


33.64 


32.91 


3.441 



Claims 

1. A i.3-oxathioiane of formula (I), me geometric and optical isomers thereof, and m.xture of those 
isomers: 



R1PCH9 




(i) 



wherein: 

Ri is hydrogen: 

is a punne or pynmidin* base or an analogue or denvative thereof: 
2 is selected from a group consisting of S, S »0 or SOj; and 
pharmaceutical^ acceptable derivatives thereof. 

2. A compound of formula (l) as defined in claim 1 in the form of its as isomer. 

3. A compound of formula (I) as oefined m claim 1 or claim 2 wnerem Z is S. 

4. A compound of formula (!) as oefined in any one of claims 1 to 3 therein R* <s selected from: 





29 



'5 



25 



30 



05 



-*0 



Ni */ 1 











wherein: 

Ri is selected from tne group of hydrogen or C1-4 alkyi grouos: 

R 4 and R, are independently selected from tne grouo of hydrogen, hydroxymethyl. trrfluorometnyi. 
substituted or unsubstituted. saturated or unsaturated C, -« alkyl. bromine, chlonne. Huonne. or .odine. 
50 R ( is selected from the grouo of hydrogen, cyano. carboxy. ethoxycarbonyl. carbamoyl, or tmocaroamoyi: 
and 

X and Y are .ndeoendently selected from the group of hydrogen, bromine, chlorine, fluorine, iodine, amino 
or hydroxy* groups. 

5. A compound according to any one of claims 1 to 4 wherein Ra is 

55 



30 




5 vnerem R : >s seiectec from tne grouo cr nycrcgen cr C. -* aikyi groucs ana fl* <s selected ?rcm :ne :rcuo 
of nycrcgen. nvaroxymetnyi. tnfiuorometnyi. sucstituted zr unsuosittutea. saturatec or unsaturated C--s 
aikyi. oromtne, cnionne. fluorine, or tocine. 

6. A compound selectee from tne grouo consisting of: 
Cis-2-nydroxymetnyi-5Hcytosin.r.yi)-t.3-oxatntoiane, trans-2-hyoroxymetnyi-5-<cytosin.i -vn-U-ox- 

5 atnioiane. and mixtures tnereof: 

Cis-2-tianzoyioxym«thyi-5-(cytosin.r-yi).i.3-oxatnioiane. tran8-2-tienzoyioxymetnyi-5-icytosin-i - y .)-i.3-ox- 

atnioiane. and mixtures thereof; 

Cis-2-hydroxymetnyt-5HN*'.acetyl^ytosin.r.yiVi.3-oxatnioiane. tw*-2*yaroxvmetnvi-5-<N* • 

icety tcytosin- i -yi>- i .3-oxathioiane. and mixtures thereof: 
w Cis-2-denzoytoxymethyi-5-iN*'-ac9tyi-cytosin-i -yt>-i .3-oxatnioiane. trans-2-benzoyloxymetnyt-5-(N, -acetyl- 

cytosm-i'-yi)-i.3-oxathiolane. and mixtures thereof: and 
Cis*2-hydroxymetnyl-5*<cytosin-i -yl)-3-oxo-i .3 -ox atnioiane; 
Cls-2-nydroxymeihyl*5t'N-dimetnytamino-methyiene cytosin-1 -ylH .3-oxathtoiane; 
3is-Cis-2-succ:nytoxymethyl-5-tcytosm-i -yiH .3-oxathioiane; 
?5 Cis-roen2oyioxymetnyt-5-{6'-chtoroourtn.N-9 -yi)-i .3-oxathioiane: trana-2-ben2^yioxymetnyi-5-t6 • 

cnToroounn-N-9 -ylH .3-oxathioiane. and mixtures thereof: 
Cis-2-nydroxymethy i*5-<6 -hydroxypunn-N-9 -yi>- 1 ,3-oxatnioiane: 

Cis.2-ben2oytbxymethyi-5-<uractl-N-r-yiy-i ,3-oxatnioiane. trans.2*ben2oyloxymethyi-5-<uracil-N.l -yi)-i .3-cx- 

atnioiane. and mixtures thereof; 
30 Cis-2-hydroxymethyt-5*<uraal-N-r.yl)*i .3-oxathioiane; 

Cis.2-ben2oyioxym©myi-5-Uhymin-N-r-yi>.i.3-oxatniolane. trans-2-benzoyioxymethyi-5-{thymin-N-i 

oxatnioiane. and mixtures thereof: 

r. : « .?.hvnrrnfvmethyi-5-{thyfnin*N. i -ylV i 3*oxathiotane: 

iFS pharmaceuticallv acceotabie denvatives thereof in the form of a-racemic mixture or single enaniicmer. 
35 7. C\s - 2-hydroxymethyi-5Scytosin.r-yl).i.3-oxathtoiana. and pnarmaceuocaiiy acceptaoie cerwauves 
thereof. 

8. A compound according to any one of cams 1 to 7 m tne form of a racemic mixture. 

9. A comoound according to any one of claims i to 7 substantially in tne form of a single enantiomer. 

10. A compound of formula (I) as defined in any one of claims i to 9 or a pnarmaceuticaiiy acceptaoie 
40 derivative thereof for use as an active therapeutic agent 

11. A compound of formula (I) as defined in any one of claims 1 to 9 or a pharmaceuticaily acceotabie 
denvative thereof for use in the manufacture of a meoicament for the treatment of a v.rai mrection. 

12. A pharmaceutical formulation comprising a compound of formula 0) a* defined in any one of claims 
1-9 or a pnarmaceuticaiiy acceptable oenvative thereof together with a pharmaceuticaily acceptable earner 

4$ therefor. , ^ ^ ^ ■ 

13. A pharmaceutical formulation according to claim 12 additionally compnsing a further theraceutic 

age u. A 1.3-oxathioiane of formula (Vtll). the geometnc and optical isomers thereof, and mixtures of those 
isomers: 



•ylM.3- 



50 



55 




(VXIX) 



wherein: 



31 



an a.KCxy :ar=cnyi ;rcuc. cc:re. crcmme. zricnre cr -CR *rer 9 = s ieecec 'Z~ - 5 zzz 
listing cr a sucsmutea cr unsucstitLtec. saturated cr unsaturatea aiicyi ;rcus arc i :~cs:;:L:ec :■ 
.cs:it'jtec. saturatec cr unsaturatec anonatic cr aromatic acyi grcuo. 

.5 -- 9 5S :er of tcrmuta MV) me geometric anc concai .scmers Tereor. arc mixtures cr :~cse scmers 



'5 




(IV) 



20 



25 



where»n: 

W is PO4-, SPCb". or 
O O 

•O- C -<CH 2 )„- C -0- where n is an integer of 1 to 10; 

j ,s any nucleoside or nucleoside analog or derivative thereof: 

Z is S. S»0. or SO?; and 

R2 is a purine or pynmidine base or analogue or denvative thereof. 
16. A compound according to claim IS wherein J is: 



30 



-CH2 




:s 



1 7. A process for the preparation of a compound of formula (I) 



R 1 0CH 2 




(i) 



wherein Rt is hydrogen: 

Rj is a purine or pynmidine base or an analogue or denvative thereof: 
Z is S. S*0 or SOj; and 

pharmaceutical^ acceptable derivatives thereof, which comprises: 
(a) reaction of a compound of formula (Vlll) 

50 




(VIII) 



wherein R, is hydrogen or a hydroxy! protecting group and L is a displaceablt atom or a group with a base 



32 



:i case >nterccrversicn -f cr.e tcnccurc 
:: 'eac:;cn zi a cc^ccuna cr fcrrtvjia <iXi 



HO * 2 



HZ 



(IX) 



?s with a comoound of formula (X) 



PC 



20 



CHC 



(X) 



25 wherein P is a protecting group; or 

(d) conversion of a compound of formula (XII) 



20 




(XII) 



js to a comoound of formula (I) 

and if necessary or destreo suoiectmg me compound resulting from any of steos (a) to (d) to one or two 
further reactions comprising: 

(i) removing any protecting grouos: 

(il) converting a compound of formuia (I) or a salt thereof into a pharmaceutical^ accaotaote salt 
<o thereof. 

18. A process as defined in ctaim 17 wherein the compound of formula (I) is ootained m me form of its 
cis isomer. 

19. A process according to claim 17 or claim 18 wheretn Z is S. 

20. A process according to any one of claims 17 to 19 wherein R? is: 

45 



SO 



5S 



33 



'5 



= ' s c e ,ec-ec 'rem :re ;rcuo :f -vcrccer. :r:f!ucrcmetnyi or saturatec cr -^saturated : - a.«v. ;:—s 
= ; ,nc are reecencenttv selectee -cm :re ;r:uo zt ^ycrcgen. -ycrcxyrretrv. ::-crcr-etrv 
c'-iituteacr ur.sucsmutec. saturatec cr ^saturated C -< a.ky-. :rcm.re serine, -wre :r cere: 
l7:s seiectea from :ne 5 rcuo cr nycrcgen. cyano. :arocxy. einoxycarcsnyi. carcamoy.. :r tr.-ccarrar-cv 

Hna v are .noeoencently seiectec rrom :re grouo of nycrogen. cremme. cmorine. Serine. .ocme. a^.rc 
:r -sycrcxyi groucs. 

21. A crocess acccrong to any cr c:aims 17 :o 19 wneretn 3 2 ts: 




wnerem R 3 .s selected from the grouo of hydrogen, tnfiuorometnyi or saturated or unsaturateo C aiky. 
groups and R. is selected rrom tne grouo of hydrogen, hydroxymetnyi. tnfiuorometnyi. sucstituted cr 
unsuostituted. saturated or unsaturated d -< alkyi, Dromme. cmorine. fluorine, or iodine. 

22 A arocess according to any one ot ciaims 17 to 21 wnerem tne comoound of tormu.a <h .s selected 



55 S m 2-hydroxymetny|.5-lcytosin.l -yi)-l .3*oxathio(ane. ^.2-hydroxymethyi-5-<cy<osin-i -yiH 3-ox- 

atnioiane. and mixtures tnereof: 

Cis-2-&enaoyloxymetnyi-5^cytosin- I'-yiy-i .3-oxathiolane. trans-2-&enzoyloxymethyi-5-(cyto3in-i -yD- i .3-ox- 
atniotane. and mixtures thereof: 

Cis.2-hydroxymetnyl.5-<N4'.acetyt<Ytostn-r.yi).l .3-oxathiotane. t^^hydroxymethyi-SMN* -acetyi- 

cy tosm-T-y I)- 1 ,3-oxatnioiane, ana mixtures tnereof; . 
Cis.2-ben 2 oyloxymethyl-5-<N*'.acetyi-cytosin.i '.yD-1 ,3-oxathiotane. trans.^enzoyioxymethyi.S-iN* -acetyl- 

cytosm-1 -yi)-i.3-oxatnioiane. and mixtures thereof: and 
Cs-2-hyoroxymetnyi-5-<cytosin-i -yO-3-oxo-i ,3-oxatmoiane; 
Cls-2-hyoroxymethyi-5HN-dimethyiamm<>-metnyiene cytosm-i -yi)-i ,3-oxathioiane; 
J5 a!s-Cis-2-succinyioxymethyi-5-<cytosin-i'-yO-i.3-oxatnioiane: m . 
Cis-?5en2oyloxymetny|.5r6 -:h(oropunn-N.9'.yi)-v3-oxatn,oiane: trans.2-*3enzoyioxymetnyi-^o - 

cnioroourin*N-9 -yiH.3*oxathioiane. ano mixtures thereof: 

Cis-2-hydroxymetnyi-5-<6'*hydroxypunn.N-9 .yiH.3-oxatnioiane; - 
GS-2-t>enioyioxymetnyl-5-<uracil-N-v-yi>-^3-oxatniotane. Mns-2-ben2oyioxymethyi-5^uracil-N.i -yt)-i.>ox- 

atniotane, and mixtures thereof: 

Cis-2-hydroxymethyi-5-<uracil-N«r-yi>-i.3-oxathiolane: . 
Cs.2.benzoyloxymethyt.Wmymin-N.i •ylhi.S-oxatniolane, trans^faenzoyloxymethyt^ilhym.n.N^ -y.H.3- 

oxathioiane. and mixtures thereof: 

. Gs-2*ydroxymemyi-5Hmymifr^'-yiH.3<xatnioiane: . 

* 3rd cnarmaceutcally acceotaol. denvatives tnereof in tne form of a racermc mixture or s,ngle • n ™°™\ 
23. A process according to any one of claims 17 to 21 where.n tne compound of formula (') ; s c*-z- 
hyoroxymetnyi-5^c/tos 1 n.r-yi).i.3-oxatn.o.ane. and pharmaceutical acceptable derivatives "J«f • . 
24 A process according to any one of clams 17 to 23 wherem the compound o* formu.a (I) is obtained 

in the form of a racemic mixture. . 

25. A process according to any one of claims 1 to 7 wherem the compound of formula 0) «s obtained 

suostanoaJly m tne form of a single enannomer. 

26. A process according to any one of claims 17 to 25 where* in steo (a) the group L is »'<^' r0 " 
a grouo eansisong of alkoxy caroonyl. .odine. drom.ne. cniorine or -OB. where * * a » u0 "™* ° 
unsuosatuted. saturated or unsaturated aiky. group or R is a substituted or unsubstrtuted ahpnauc or 

af0m 27° A^roc8S, UD according to any one of daims 1 7 to 26 wherm step (a) the ~ mw ^V 0 V!Tlw!!i aod 
is reacted with a s.iyiateo punne or pynmidine oase in a compatible solvent in the presence of a Lew,s ac.d 



so 



35 



; = . a r.etr.cc *:r :re orecaraticn or a cr.armaceuucai *c:~-:a:icn ::,~cr:<.r; scr-r*-?-: 5 --—.re :r 
; crrr:uia »n as cefir.ea m ::aim !7 :r a cr.armaceuiicaiiy acceccaoie cenvative rereor *i?p. a crarnacs--::* 
:anv accsctaoio earner ;rerercr. 

Ziaims tor :ne following Contracting States: GR. ES 

1. A zrocess for tne crecaration of a comccund of formula in 




R1OCH? 



wherein Ri 13 hydrogen: 

Rs »s a purine or pynmtdine Case or an analogue or derivative thereof: 
Z is S. S*0 or SO?; and 
:o onarmaceuticaiiy acceotaoie aenvatives thereof, wnich comonses: 
la) reaction of a compound of formula (Vlll) 



25 




(VIII) 



30 wherein R. is hydrogen or a hydroxy! protecting group and L is a dispiaceafile atom or a group with a Pase 
Rj-H group: 

(b) base interconversion of one compound of formula (I) into another compound of formula (I); 

(c) reacuon of a compound of formula (IX) 



35 



HO 



HZ 



(IX) 



with a comoound of formula (X) 

PO 



50 



ss 



CHO 



wherein P is a protecting grouo: or 

(d) conversion of a compound of formula (XII) 



(X) 



36 



w 

■o a '-cnccund of formula U) 

arc .f necessary or cesireo suoiecang :ne ccmoouna resulting rrcm any at stecs >.a> :o <-C> :c cne cr 7*0 
' : -urrer reactions csmonsmg: 

nt removing anv orotectina crouos: • 

n.) converting a comcound of formula (l) or a sail tnereof >nto a pnarmaceutica.iy accsotaoe sa.t 

'""a? A process as cefined m claim 1 wnerem tne ccmpouno of formula (I) is octamed .n me form ct .ts cs 
' 5 isomer. 

3. A process according to ciaim i or claim 2 wherein Z is S. 

4. A process according to any one of claims i to 3 wnerem R 2 is: 

10 



25 



20 



:5 



50 
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• ; - ~ ar.cz 'Z? :re rrecaraticri 
— J a ^ as cennea ;n c:aim 1 ;r a c.-.armaceuucaiiy accsctaoie derivative r.ereof *-:n a :rsarmacsu::caii 

ac:3Ctacie raf-er Tewcr 



25 



30 



40 



45 



SO 



59 



40 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 




Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OF AT TOP, BOTTOM OR SIDES 
\i FADED TEXT OR DRAWING 

BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLATED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER : 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning these documents will not correct the image 
problems checked, please do not report these problems to the 
IFW Image Problem Mailbox. 



